
Ac c e 1 er at  o r D ep ar m e n  t 
BROOKHAVEN NATIONAL LABORATORY 
Associated Universities, Inc .  

Upton, New York 11973 

AGS DIVISION TECHNICAL NOTE 

No. 156 

NORMALIZED SUM/DIFFERENCE MONITOR FOR PICK-UP ELECTRODE AMPLIFIERS 

R. Preston*, L. Ahrens and E. G i l l  
November 8, 1979 

In t roduc t ion  

The e l e c t r o n i c  module descr ibed  herein is a d i a g n o s t i c  t o o l  t o  a i d  i n  

understanding t h e  p re sen t  position-measuring pick-up e l e c t r o d e  CPUE) system 

at  the AGS. 

Pick-up E lec t rode  Amplif ier  and Compensation" nodule (D09-E432). The la t ter  

module con ta ins  two channels  of e l e c t r o n i c s  which provide  one  h o r i z o n t a l  and 

o n e y e r t i c a l  posit ionmeasurement,  There  are 72 such.modu1es i n  t h e  AGS PUE 

system. The new c i r c u i t  i n t e r a c t s  w i th  one of the above channels .  

S p e c i f i c a l l y ,  tlie module works i n  conjunct ion  with t h e  "Ring 

Proton bunches c i r c u l a t i n g  i n  t h e  AGS induce vo l t ages  on e l e c t r o s t a t i c  

PUE's. 

modules f o r  f requency compensation and ampl i f i ca t ion .  

t i o n ,  t h i s  wide-band s i g n a l ,  r e f e r r e d  t o  i n  what fo l lows  as t h e  system "r f  

out", f e e d s  d i r e c t l y  i n t o  a DC-restorer and an unnormalized low frequncy 

d i f f e r e n c e  a m p l i f i e r ,  

o t h e r  uses .  

descr ibed  i n  this r e p o r t ,  tke normalized sumldif f e r e n c e  module (see Fig.  11 e 

These signals are sent via long coax ia l  cable t o  t h e  PUE a m p l i f i e r  

Fol lowfig amplif ica-  

T h e  r f  ou t  is, a1s.o a v a i l a b l e  on BNC connectors  f o r  

It is t h i s  ou tput  which forms t h e  inpu t  t o  the u n i t  t o  b e  

T h e  vo l t ages  induced on tke PUE's are t o  f i r s t  o r d e r  l i n e a r l y  r e l a t e d  

t o  the d i s t a n c e  t h a t  the bunch is  away from the p l a t e .  The beam h o r i z o n t a l  

p o s i t i o n ,  f o r  example, a t  a given PUE is obta ined  by d iv id ing  t h e  output  of 

t h e  d i f f e r e n c e  a m p l i f i e r  (= V2 - V 

(= V2 4- V1). 

of Fig.  2) by a normalizing sum s i g n a l  

I n  the p resen t  system t h e  sum signal o r i g i n a t e s  n o t  from this 
1 
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p a r t i c u l a r  PUE and i ts  e l ec t ron ic s ,  bu t  from a cur ren t  transformer. 

same s i g n a l  is  used t o  normalize a l l  of t he  PUE's i n  t h e  system. 

primary motivation f o r  the new module i s  t o  allow normalizing t h e  PUE out- 

put l o c a l l y  i n  order t o  observe any d i s t o r t i o n s  caused by the s i n g l e  ove ra l l  

normalization of the beam pos i t i on  i n  the r ing .  

comparison t o  be  made between the present system output and an i d e n t i c a l  

output using e l ec t ron ic s  i n  the new module, as w e l l  as comparison w i t h  t h e  

l o c a l l y  normalized output. The former comparison i s  a check. 

The 

The 
* 

The new module allows 

One motivation f o r  expecting t roub le  from t h e  present system is tke 

following: 

10-15 Mlzz determined prjhuarily by the transformer network i n  Fig. 1. 

the o ther  hand, t h e  bunches i n  the beam, as they acce le ra t e  t o  t r a n s i t i o n ,  

gain s i g n i f i c a n t  frequency components w e l l  above t h i s  range. 

V1 and V2, seen by t h e  f i n a l  e l ec t ron ic s  f o r  a beam f ixed  i n  t ransverse  

pos i t ion  but  acce lera t ing  t o  t r a n s i t i o n ,  would decrease as the bunching 

increases.  The d i f f e rence  signal would decrease. I f  the normalizing is  

done by an independent system with a wider frequency response, CV, -I- VI] 

would not decrease and the beam would appear t o  move. 

The frequency bandwidth- o f  the present system is appreximately 

On 

The vol tages ,  

C i r cu i t  Description, Construction, Cal ibra t ion  

The new module (Fig, 3) has two BNC ( f ront  panel) inputs  terminated i n  

91 ohms f o r  RG/U 62 coaxia l  cable,  

d i f fe ren t ia l - input  LM733 video ampl i f i e r ,  w i th  one input  grounded and a 

r e s u l t a n t  f ixed  gain of 5. 

4/10 by the ad jus t ab le  91  ohm vo l t age  d iv ider  termination and amplified by 

a f a c t o r  of 5 by the 733 d i f f e r e n t z a l  ampl i f ie r  f o r  an o v e r a l l  gain of 

2c= 5 x 4/10) .  

s i g n a l  presented t o  the new DC r e s t o r e  c i r c u i t  i d e n t i c a l  t o  the in te rna l  

r f  s i g n a l  presented t o  the DC r e s t o r e  c i r c u i t  i n  th PUE system c i rcu i t .  

Each. input  is fed i n t o  a wideband, 120 W z ,  

Thus, any pu l se  input  is reduced by a f a c t o r  of 

T h e  gain of 2 i n  tlie normalized SUM/DIPF module makes  t h e  r f  

The LM733 is  a h j g h  cur ren t  d r i v e  (la mA) ampl i f ie r  w i t h  a l a r g e  band- 

width- (320 MHz) that is adequate f o r  the s i g n i f i c a n t  Fourier components of 

the heam buncher. The 733's gain-select: p i n s  c3, 4 ,  11, 12)  are l e f t  uncon- 

nected. No ex te rna l  frequency compensation i s  necessary. T h e  minimum 

input  vo l tage  is f 1.0 v o l t s  and the output DC o f f s e t  vo l tage  can be as  

h igh  as 1.5 vo l t s .  

higkDC o f f s e t .  

HoTever, t h e  two 733's are AC coupled t o  e l imina te  t h i s  
A st: 8Y dual power supply is required f o r  tb 733. 
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The input ampl i f i e r s  feed i n t o  DC r e s t o r e r  c i r c u i t s  and low pass f i l t e r s .  

The DC r e s t o r e r  is  i d e n t i c a l  t o  t h a t  i n  t h e  system c i r c u i t .  

s t o r e r  diodes are biased by a IN746A zener diode arrangement a t  3 . 3  v o l t s .  

This leaves the  output of the low pass f i l t e r s  a t  3.1 v o l t s  DC w i t h  zero 

input. Both s i g n a l s  are fed i n t o  LF356 sum and d i f f e rence  op-amps; thus ,  

t h e r e  is a 6.2V ( i . e . ,  3.1V + 3.1V -I- 3.1V) DC o f f s e t  a t  each of these.  A t  

t he  d i f f e rence  op-amp (#3, see schematic) this o f f s e t  cancels ou t ;  however, 

a t  the summing op-amp (#4) t h i s  6.2V o f f s e t  must be subt rac ted  e l e c t r o n i c a l l y  

using a t h i r d  IN995 diode and 33K r e s i s t o r  arrangement. 

over t he  absence of a t h i r d  4.7 &y inductance i n  t h i s  6.2V n u l l  arrangement: 

I d e a l l y  there i s  no p o t e n t i a l  drop across  t h e  inductor f o r  DC; i n  r e a l i t y ,  

a few m i l l i v o l t s  are l o s t  a t  higher input frequencies.  

diodes are phys ica l ly  adjacent t o  each o ther  f o r  cons is ten t  performance as 

the temperature varies. 

The IN995 DC re- 
* 

Trouble may arise 

A l l  t h r ee  IN995 

The sum and d i f f e rence  s i g n a l s  are normalized by a high accuracy, low- 
The l i m i t  on t h e  range of input s i g n a l s  X and 2 are as d r i f t  428K div ider .  

follows : 

The trim procedure f o r  the 428K can be found i n  ex te rna l  re ferences ,  along 

with.bandwidth, non l inea r i ty  and o ther  s ,pec i f ica t ions .  Its t r a n s f e r  func t ion  
1oz is  - x ‘  

A 582 samplelhold i s  used as an opt iona l  output fea ture .  It is t r iggered  

The AGS pu l se  by a 74121 one-shot wEzich i n  tu rn  is t r iggered  by an AGS pulse. 

goes t h r o u g h a  92 ohmvoltage-divider termination t o  supply a 5 v o l t  pu lse  t o  

the 74121. 

by the 74121. 

t h e  582 can a l so  be found in  ex te rna l  references.  

T k e  sample/hold is normally i n  tEse “hold” pos i t i on  u n t i l  t r iggered  

Spec i f i ca t ions  on holding the., leak-through and l i n e a r i t y  of 

External connections t o  the module are as follows. Two BNC inputs ,  l abe led  
“A” and “Bl’, are f o r  t h e  “ r f “  s i g n a l  from tke system amplifier.  

b r ing  out 2 Q ( A  - B I ,  the unnormalized d i f f e rence  signal, amplified t o  b e  iden t i -  

cal. t o  t b e  DC output of t h e  normal system; - (A + B ) ,  the sum signal;  and 

2001. - B)/(A 4- B) , tke normalized d i f fe rence  s igna l .  The sample and hold 

output is a l s o  a v a i l a b l e  on a BNC and a Zemo connector accepts  t h e  AGS t r i g g e r  

pulse f o r  the sample and hold,  

s i d e ,  allow balancing the gains of the two channels, 

g a i n s  must he adjus ted  i n t e r n a l l y ,  

BNC connectors 

Variable resistors, accessible from t h e  out- 

DC o f f s e t s  and o ther  



-4- AGS Div. Tech Note 156 

Acknowledgement 

We a p p r e c i a t e  the adv ice  of SiegEried Naase while bu i ld ing  t h e  

module descr ibed  above. 

/m 

Dis t r ib .u t ion ;  Dept. Admin. 



- .  
1 ”  

45) 

-5- AGS D i v .  Tech Note 156 

.-n-n-, C- EARLY IN ACCELERATION CYCLE 
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